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The present invention relates to novel tetrazole derivatives which are antagonists of excitatory amino 
acid receptors. ■ --V ; v* y^-^s ^Ad^u^U::i - _ . , ^ 

As the science of medicine continues to advance, a need is seen for more specific and mechanistically 
, t ^determinate .pharmaceutical agents, it is no longer acceptable to treat the patient's symptoms only; the goal 
5^ of modern medicine 7 is ; ^identify the underlying mechanism of disease ; and to'Mat 1^ 

is a demand for pharmaceuticals which have specific, predictable effects on the body's mechanisms. Jhe 
mechanisms of the central nervous system are particularly important in many dangerous ! Snd ^distressing 
diseases, and pharmaceuticals which act on those mechanisms are accordingly in demand. 

European Patent Publication 0203891 shows a class of phosphonic acid piperidine derivatives which 



Ttoj^^l^.p^.cm^* the formula 
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R 1 is -COR 3 , -CN(R 4 ) 2f -CNHSR 3 , -CNHCR 3 or 

II 

" 0 
N — N-R 2 



R 2 is hydrogen or Ci-C 3 alkyl; ?U 

n is 0, 1,2 or 3; V* 
m is 0 or 1 ; 

provided that the sum of m and n is 0, 1 , 2 or 3; 

R 3 is hydrogen, Ci-C+ alkyl, phenyl or an oral ester forming group; P'r 
Y is -CH = ; 

each R* independently is hydrogen, C1 -C4. alkyl or phenyl; or f ,. 
a pharmaceutical^ acceptable salt thereof. 

The invention also provides pharmaceutical formulations comprising a compound of Formula I and a " 
pharmaceuticaliy acceptable carrier, diluent or excipient therefor. 
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The invention also provides a process for preparing a compound of the formula 




N-R 2 
N 



(CH2)n 




R 1 



comprising: 

A) esterifying a compound of the formula 



N -N-R2 5i 

II- .Tw" 
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^PH 2 ) n 



II 
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>1 



^ COOH H 

. ,oboi to oniric? .ari^x; v /•;>•, : •••;»'•• -n^^- -•ii;:.-v.-.'«i {y-u >o. aLvisfi s r.- ••• 

mufmctf ?o ^-kv^co s Dnj^ok'iSfr .(0' 

with an alcohol of the formula HOR 3 , wherein R 3 is C1-C4 alkyl, phenyl or an oral ester forming group; 
B) aminating a compound of the formula,. 

—VI ■ . 
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N — N-R 2 
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^CH 2 ) n i 



II 



I 

H 



COOH 



J 



>: 



20 



with an amine of the formula HN(R + ) 2l HNHSO2R 3 or HNHCOR 3 ; 
C) alkylating a compound of the formula 



■N-H 



li 2n : ,1 _„.... „yS 
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with a haiide of the formula X-R 2 wherein R 2 is CtC 3 alkyl and X is bromo, chloro or iodo; 
40 D) deblocking a compound of the formula 
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by acidic or basic hydrolysis; or _ 

yio,: E) preparing a salt of a compound of formula I with an acidic or basic salt : forming reagent. ■ - :h 1 ^ 

Further embodiments of the invention include a method of blocking one or more ' excitatory^ amino acid 
s receptors, as well as methods for treating a variety of disorders which have been linked to the excitatory 
amino acid receptors including neurological disorders (for example, epilepsy), stroke, anxiety, cerebral 
ischaemia, muscular spasms and neurodegenerative- disorders such as Alzheimer's Disease and Hunting- 
ton's Disease, employing a compound of Formula I. -j: 

In the above formula, the terms n Ci-C 3 alkyr-and n Ci-C* alkyl" represent a straight or branched alkyl 
m chain having from one to four carbon atoms, including methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, 
sec-butyl, and t-butyl. 

The term "oral ester forming group," as used herein, represents a substituent which, when attached to 
the carboxylic acid group, forms an ester function suitable for administration to mammals in need of 
-n^treatment Examples of such oral ester forming groups include Ci -C+ alkyi; benzyl; benzyl substituted on 
15 the phenyl ring with halogen, Ct-C* alkyl or Ci -C* alkoxy; Ci -C 5 alkanoyloxymethyl; or^Ci-fealkanoyiox- 
k -ymethyl substituted on theoxomethyl with : Ci-C* alkyl or U-C? cycloalkyU- 1 - ^ -^oa^oD ^nt 
■ > While all the compounds of the present invention are believed to be antagonists of Excitatory amino 
; qi acid receptors, there are certain compounds of the invention which are;preferred for such use.- Preferably, 

W h: PP is - C OR 3 and R 2 and R 3 are hydrogen. Another preferred group includes compounds wherein Y is 
^ -CH = . Still another preferred group includes salts of such compounds. Preferred comrx>unds-are also in the 
•- f group wherein n is 0 or i. Other preferred aspects of the present invention will be noted hereinafter; • i ^ 

■• The compounds of the present invention possess two asymmetric carbon atoms- represented by the 
! ^carbon atom of the piperidine ring which attaches to the tetrazole ring either directly or through one or more 
25 methylene groups, and the carbon atom of the * piperidine ring ' which attaches R 1 ^to the pipeHdine^ring. As 
such, the compounds can exist as two diastereoisomers, their cis or trans isomers, and each of which can 
exist as the racemic mixture of such isomers or each individual optical isomer. Accordingly, the compounds 
of the present invention will include hot only the <±)-racemates, but also their respective optically active ( + )- 
and (-^isomers. When a Y group is present, it creates a third point of asymmetry, and the compounds 
30 accordingly include the E and 2 isomers and the corresponding racemate. 

As pointed out above, this invention includes the pharmaceutical^ acceptable salts of the compounds 
defined by Formula L These salts can exist in conjunction with the acidic or basic portion of the molecule 
and can exist as acid addition, primary, secondary, tertiary or quaternary ammonium or alkali metal or alkali 
earth metal salts. Acids commonly employed to form such salts include inorganic acids such as hydrochlo- 
35 ric, hydrobromic, hydroiodic, sulfuric and phosphoric acid, as well as organic acids such as para- 
toluenesulfonic, methanesulfonic, oxalic, para-bromophenylsulfonic, carbonic, succinic, citric, benzoic arid 
acetic acid, and related inorganic and organic acids. Such pharmaceutical^ acceptable salts thus include 
sulfate, pyrosulfate, bisulfate, sulfite, bisulfite, phosphate, ammonium, monohydrogenphosphate, 
dihydrogenphosphate, metaphosphate, pyrophosphate, chloride, lithium, bromide, iodide, acetate, magne- 
to sium, propionate, tetramethylammonium, decanoate, caprylate, acrylate, formate, tsobutyrate, caprate, 
heptanoate, potassium, propiolate, oxalate, trimethylammonium, malonate, succinate, suberate, sebacafe, 
fumarate, maleate, butyne-1 ,4-dioate, sodium, hexyne-1 ,6-dioate, benzoate, chlorobenzoate, methylben- 
zoate, dinitrobenzoate, hydroxybenzoate, methoxybenzoate, phthaiate, sulfonate, methylammonium, 
xylenesulfonate, phenylacetate, phenylpropionate, phenylbutyrate, citrate, lactate, calcium, 0-hydrox- 
45 ybutyrate, glycollate, maleate, tartrate, methanesulfonate, propanesulfonate, naphthalene- 1 -sulfonate, 
naphthalene-2-sulfonate, mandelate and the like salts. T 
Compounds of the present invention will contain one or two tetrazole rings. Tetrazole is known to exist 
as tautomeric structures. The tetrazole having the double bond on the nitrogen atom at the 1 -position and 
the R 2 substituent on the N-2 nitrogen atom is properly named as a 2H-tetrazole and is represented by the 
so following structure: 



N-R 2 
I 

N 



5 
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This compound has a corresponding tautomeric form wherein ^ the R 2 .substituent is at N-1 yyitlri^the double 
bond on the nitrogen atom of the 4-position. These compounds are named in part as "1 H-tetrazoles and 
possess the following part structure: , JiV ., j -uiy^ . 

: •• : ;v^n:i ^ - i tVr- id'.fU - ,■■ ■ ■■■■ - ; - >.... ' . 'i' ifev/ .SV^v^it*"! c 

~N ; > ,..•.;.?:• ; bbs onif^ 

|| '. :•; v ';.-;:*: : -\>\r- .^;; ;<- 

' 2 -|s| - . :• Jv-r*; s .i;.; 

>^ ,"."'*'''■ ' . • V- - • =--v r.' 

^ ,;^"-<>' ; .- ;iy^ : 

. .\.-. .. v ■-. ■'.p.; ; : ' 



: -j Mixtures <of the two tautomers are referred to herein - as 1 {2)f-Metrazoles . , The,> present invention contemplates 
f !« both; individual tautomeric forms as well as the combination of the two tautomers. - ' fV : . - v: v . ■ , r 

'5 The compounds of the present invention may be prepared , by . procedures, weljilmown jtojthose of 
.ordinary skill in the art. Preferably, a hydroxy or v hydroxyalkyl substituted 2-carbalkoxypyridine is reduced to 
the. corresponding hydroxy or hydroxyalkyl substituted 2^carbalkoxypipen'dine r which is blocked, at the ring 
nitrogen with a standard blocking reagent. The blocked hydroxy or hydroxyalkyl substituted !;2-carbalkox- 
ypiperidineiis -converted :to the halo or halpalkyl substituted ^-carbalkoxypjperidine, which visjthen converted 

20 to the corresponding ; cyano intermediate. When n is not zero, the t blocked } hydroxy .substituted 2- 
carbaikoxypyridine .is oxidized -to the ■, ketone , which is then converted <to : an; q, ^-unsaturated : nitri le, , and, then 
to the desired' cyano intermediate by - hydroQenation.. The- cyano intermediate is converted , to the blocked 

; ? - :i rtetrazole; substituted d2Tcarbajkoxypiperjdine which is hydroiyzed to. the S: compound of the presentjnvention. 
^his synthesis ; may- be; represented^ -..=••' ;;.,„• ::•=••: : en^vm^m 

2 ?.'..- . ;v, ^ ;.; ,<:r:k>v; : M o\ i\ ;0 -itvMt' ,'• ^ ^v: v*:L. OWi tR ,i ' . ; jO^'hC;:. r»- f v; .yi.>s£ 

u:s\:-:<} ff v..;: >;.r--: aov ! - •<•'■■ .ox:/-- ;>c^ ^ouoo k:u^ v = - :•:.'"> • >::>•■•>•;: iv v';'J;^^ ^-r?eo^ £?ixo 

.^:a^:, :::■:/; . •• .• :v^/^. ;.. -:!'\:. r,:l; - v-^ic: !^..^ 0': 

• i?'-,;; :k.-.i ■ ■ ' V..' v' ; •: • ^ : . ; :: ■.-.>£". jk/fiVVfl -v : . qt' 

,.. ^ ; - /' ^ ,;. r;;.v,.,-. , ^-.y.--... ■- .. ; • ..- . r..---^M.:?:3nirAi^r} ^i^s^.n^:- ti^O: 

-:t:r. .'■ ^ ..: • . ^ v ,'. i ^ ;s:^ ^ .•; r: ■ . : .r„.. iM?^- ; ^■h,:--. '■ . 

: ' -V: \ ^ . • • . •' .. • . ■ • ••• .• ^ \ ^ 

: : ' • ■.■.A:;."-;,- ■"■■.=.■ '.■ • . , ^. . : ■■ ■ -..V : • •• : • ^•.\;:. v; :' i ./ , ; ; . v- ; .vr ! :>: 

" : ;v;- : : v-;'-- . • ' '■ ■ ". . .' >.,:■ . . •.. • ''^ , 

^9^ t,'.,v. ' . •• • .v._". " ;.v-k^ - • : . 

•'• -.'i --r',- . — . ■ .-■ .■ ■ • ^ ' •'• • ■■y,. : '.../. 
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Wherein m and m are as defined" above, R 5 -is- C1-C4 alkyl, R 6 - is a. -blocking- group^preferablycCi-Cc 
alkoxycarbbriyl, and X is^chloro/ brorho or iodo. • —•^ ■ ->■•■ ^ - \:-bvj?*v.mz 10 eto^m ei 

The v hydroxy or hydroxyalkyl substituted 2-carbalkoxypyridine is converted- to :the (corresponding 
piperidirie ^derivative according standard reduction ^conditions. ,The starting /pyridine i\s cpreferablyj con- 
certed ;to the hydrochloride salt: Preferably, the starting . material -is hydrogenated > in t the s presence of a 
catalyst such as platinum ?oxide or rhodium. on alumina, and -:a * suitable solvent/Suitablelsolvents^inciude the 
alcohols, such as ethandl and especially methanol. The reaction is substantiallyLComplete afterjabout;one. to 
about 24 hours when conducted at a temperature in the range of about 20*C to about ^1 00 ' G:: The desired 
product is easily isolated by filtering the reaction mixture through ?infusorial^earth1 and: concentrating the 
: filtrate under vacuum i The (resulting - residue may *'be further ^purifiedi^ifMdesired, ::butt:isjpreferably used 
directly ; iri'the following reaction:^'- • '•' : - ^ ,vr/ ' ,; - ; f - ¥& Tt r?or>t?>D\ ! fi • 

The hydroxy or ; hydroxyalkyl substituted 2-carbalkoxypiperidine thus, prepared .is next blocked ;:at the 
ring nitrogen atom with a j standard blocking group to provide the corresponding blocked . hydroxy or 
hydroxyalkyl substituted 2-carbalkoxypiperidine. This procedure is carried out by .'combining approximately 
;equimolar quantities ^ of the piperidine^derivative with an equimolar or -slight/ excess ^of a ^standard -blocking 
reagent -having a good -leaving group ^such as methyl , chloroformate f or ^methyl >!bromoformate,'nor di-t- 
butyldicarbonate or -the • like, in the presence of <a base. Typical bases include hydrides ; suchcas^sodium 
hydride and tertiary amine bases -such as Hunig^s base^The reaction Js :conducted ; fat -a itemperature^in the 
range of about -20 *C to about 25 *C for a period of about 10 minutes to about 1 2 ::hours^The desired 
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compound is isolated by extracting the desired compound into a water-immiscible organic solvent and 
concentrating Jhe ! resulting solution, typically under vacuum. The residue is then generally further purified 
by standard techniques such as crystallization from' common solvents or chromatographic purification over 
solid supports sucK as silica gel or alumina. ' ■ m _ - M O^ 

5 The blocked hydroxy or hydroxyalky I substituted ~2-carbaikoxypiperidine ! is ' next converted to the 
corresponding chloro, bromo or iodo substituted derivative by reaction with a standard halogenating agent 
in the presence of a tertiary amine base. Typical halogenating agents "inclucie friphenylphqsphinedibromide, 
triphenylphosphinediiodide, "triphenylphosphinedicW like. The reaction js ^conducted at a 

temperature in 'the range of about * -10 " C to' f about ; 25* C for about 1 to about A 12 .hours and 'the product 
io isolated by standard procedures. 

The halo or haloalkyl substituted 2-carbalkoxypijperidine is next treated with a cyanating agent to afford 
the corresponding cyano or cyanoalkyl substituted . 2-carbalkoxypiperidine. Typical cyanating agents suitable 
for use in this reaction ; include the alkali metal cyanides, especially sodium cyanide. The reaction is 
conducted by combining the brominated starting material with an equi molar to preferably an excess amount 
75 of the cyanating agent The reaction is conducted at a temperature in the range of about 40." C to about 
150*C for about 1 hour to about 120 hours and the product isolated and purified, if desired, by^standard 

procedures. ; ' " ; ..<»....... - • | I 

The cyano derivative thus prepared is next converted to the tetrazole intermediate and then to the 
compound of the invention according to the following process^ The cyano starting .material is reacted with 
20 tributyltin azide (also? known as azido tributylstannane). Thisjreactiqn is conducted at 'a temperature of about 
50*C to about 120/ C, preferably at about 80; C, for about 12 to about 120 hours. The product may be 
isolated, but is preferably hydrotyzed directly to a, compound of the Jnvention by standard acid or base 
hydrolysis. The reaction is conducted at a temperature Jn the range erf about 50 "C to about 150" C for 
about 2 hours to ! about 24 hours and the product isolated. /'The^ product may "then'be^ purified by standard 
25 procedures such as crystallization with common' solvents such as'water, acetone or ethanol, or chromatog- 
raphy oveft solid supports such as silica ^gei. ipmexchange resins or standard labsorberits. 

Compounds of the invention wherein^ 1 Is. other than the free carboxylic acid substituent are prepared 
by procedures A/vell known to one of ordinary skill in the art. Compounds wherein R 1 is -C( = 0)OR 3 and R 3 
is Ci-C* aikyl are prepared by esterification :bf the free carboxylic acid with an appropriate alcohol R 3 OH in 
30 „the^ presence , of ^hydrogen chloride gas. The compounds wherein R 1 is -C( = 0)OR 3 andyR 3 is an oral ester 
^forming* group are prepared by standard alkylatibn' l or.acylat]on techniques. Compounds " wherein ^R 1 is -C- 
( = 0)0-(phenyl)J ; -C( = 0)N(R + ) 2> -C( = 0)NHS0 2 R 3 or -G( * 6)NHC( = 0)R 3 are prepared by the readtion of 
the free carboxylic acid derivative of the piperidine; intermediaterwhTcrT isblocicecl at thel 1 -position] of the 
piperidine ring with R 6 as defined above, with an appropriately substituted phenol R 3 OH; amine^NH(R*)^, 
35 sulfonamine NH 2 S0 2 R 3 or acylamine NH 2 C( = b)R 3 in^he presence of a coul^ingCreagent : |and mutual 
organic solvent. Suitable coupling reagents include the carbodiimides such as N f N -dicyclohexylcar- 
bodiirnide, N,N'-diisopropylcarbodiirnide, or N.N'-diethylcarbodiimide; the imidazoles such as carbonyl- 
diimidazole; as well as reagents such as N-ethoxycarbonyl-2-ethoxy-1,2-dihydroquinoline (EEDQ). The 
- 'resulting compound is then deblocked atthe 1 -position as hereinbefore idescri bed. Compounds 5 wherein R 1 
40 is tetrazole or substituted tetrazole are prepared by hydrolyzing . the* cyano intermediate .prepare as 
on^j . described above to 4he "-'corresponding 2-carboxy . .derivative ... which js^foen^freated ^trV? ammonia in the 
-non presence of :a coupling reagent as described above ito; provide 'the corresponding prirnaryvcarboxamide. The 
n )o carboxamide is dehydrated m to ; the ^corresponding carbon itri le upon . treatment c with ; phenylphosphinoyl 
?! i ^dichloride or triphenylphosphine dibromide, both in the presence of , a ;tertiary .amine, such . as triethylamine 
i45^H or pyridine. *The : resulting ^compound ois ■ converted .ito :the v^ditetrazole, ^intermediate iwitri at n 4east two 
hm$ equivalents /of. tributyltin ;azide according to conditions /hereinbefore described. The .desired compound is 
-\?rvi pth'en prepared as hereinbefore described. , ♦;' uixvjy- &r nnwrar; y.i bmsic-::; vU^:; si scatoa 
otai; - -Compounds i of ithe; present invention wherein ,the. R 2 substituent on the tetrazple ring .is other] than 
hydrogen may also be prepared by known processes, or by processes analogous v to ^such> known 
>50 procedures. .Typically, alkylation of the unsubstituted starting material; with [ ; aa {appropriate : hajide reagent 
ii; / provides the desired -compound- of the invention or ;an>:intermediate.;whicri can be 0 further^rn'Qdifi^d, to a 
v.. ...compound of .the invention as 'herein described. If- a base.is .employed in the alkylation reaction, .addition 
i::boccurs 'first on the tetrazole Ting ; if the other free nitrogensatomsvare unsubstituted. :Any,4ree nitrogen . atom 
••>;:.. may also be Mocked, prionto the reaction, and deblocked subsequently ^according tto r standard j conditions 
55 employing standardlblocking reagents; Of course, disubstitution with: the same, substituent. merely irequires 
sri- nthe use of an appropriate rnolar : excess of reagent ;to; ; account ;for. reach rpf the [vdesired; i :substitue i nts,on the 
b w, final compound. .• : . .. : -v.-. , , ^.ogh , •.• ■ ' u-' ■ .ov.-':.-.. vo --.r^ 

When the product is a compound wherein a Y group is present, the process can; begin with an oxy- 



8 




EP 0 330 353 A1 

substituted 2-carbalkoxy blocked piperidine, which is cyanated with diethyl cyanoalkylphosphonate or 
cyanoalkyltriphenylphosphonium halide, to prepare ! the desired cyanoalkylidene intermediate. The cyano 
group of it may be converted to the tetrazole, as described above, leaving the alkylidene linkage intact 
Alternatively/the general process may be used by omitting the usual reduction of the cyanoalkylidene 
5 intermediate. 

The preceding description of the synthesis of the compounds of the '^present 4hven1ion^p?efSares 7 a ' 
mixture of the cis- and trans-isomers, but predominancy as the ds-isomer. The d'lasteroomers are easily 
separated from the mixture using standard chromatographic techniques, for example, employing silica gel 
or alumina adsorbents. An isolated diastereomer may be converted to the other diasterebmer by treatment 
70 _ with a base such as a tertiary amine base or an alkali metal alkoxide in the corresponding alcohol. While 
separation or conversion may be conducted on any piperidine derivative in the foregoing synthetic^ scheme, 
^ preferably such separation or conversion is carried out on the blocked hydroxy y or hydroxyatkyPsubstituted 
l 2-carbalkoxypiperidine as defined above; " ! ' ' :; • '* 7 '"• " : ' : ■ ----- - 

9iu3. ^ ; pharmaceutically 'acceptable saJts of the invention are typically formed by "reacting a 
is'' piperidinetetrazole of the invention with an equimolar or excess amount of r salt forming reagent. The 
' ?r: reactants are generally combined in a mutual solvent such as diethyl -ether; 5 benzene! ethanor or water and 
; : ; the salt normally precipitates out of solution within about one hour to 10 days, and can be isolated by 
filtration. . • ;; ' : '. v ' ' : -^-^ ^ i.-'^sm 

The hydroxy or hydroxyalkyl substituted 2-carbalkoxypyridines employed as starting materials In the 
20 synthesis of the compounds of this invention are known and easily prepared by procedures well known to 
those of ordinary skill in the art. For example, a pyridyl(Ci-C*)a(kanoic acid 'eMer^ls^ cohverteci to the 
corresponding hydroxy substituted pyridine, which is acylated and converted to the N-oxide derivative. The 
v ^ acyiated(N-oxide)pyr{dine ' is converted to a 2-cyano(acylat9d)pyridine which ' is ^finally converted to a 
£ Hydroxy or hydroxyalkyl substituted 2-carbaikoxypyridine. This reaction: may Vl be ! represented v "6y the 
^;' r followlng scheme: ' ! !: * ■ ■ •'" ■ " : ^^^rmnvq^- )o Oonn 




■■ - wherein n and m are as defined above, H 5 is Ci-C+ alkyl and R 7 is hydrogen or : methyl.oi •■■v •-: 
i£ The following Examples further illustrate the compounds of the present invention and methods for their 
■c synthesis. The Examples are not intended to be limiting to the scope of the invention ^ anytrespect and 
;> o should not be so construed. . ' • r ... , : . , . ? --^V vc ^o; 
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. Example 1 ; ,. .-. r] '■ v-:;-»^'--'. v -ir:.v v 



..5 cist(±)-^[2T(1(2)H-Tetrazolr5-yi)ethyl3-2-piperidin , . 



A. 4-Pyridineethanol ; • : ;. s . . .v;r.v. :i . ^-v-nhi v.. 

w, Fifteen; grams J (0.091 : moi) of 4-pyridineacetic acid- ethyl ester was dissolved in 1^ 

solution was transferred to a 1 L, 3-neck round bottom flask which had been flushed with nitrpgen. To the 
mixture was added dropwise 55 ml of 1.0 M lithium aluminum hydride (0.055 ^molj^ 
, The roaction. mixture became yellow upon addition of the reducing agent, fpllowing addition,,the mixture 
, ; was quenched with 2.1 ml of water at 0 * C followed by .2.1. ml ; : of 1 5% by volume of sodium ihydroxid^ and 
is 6.3 ml of water. The mixture was allowed to stir at room tern perajture tor approximately. 4 hours and fito 
through Celite. The filtrate was. concentrated under vacuum to provide ,6.38 r g of! 4-py^ 
material was used directly in the following reaction. . v no.fe tin 

20: B. 4-Pyridineethanol acetate ; . v . .,, _ : ; : ?: v t; ; ;s : . % , , v. ) 0 

To aisolutionof^l 1.3 ml of acetic anhydride.in.ipo ml of ; methylene .chloride was, ad^ 
; 125 mg .of ^dimethylaminopyridine, and; the, solution i: was^c^ containen.;i2.2 g 

(0.099 moi) of 4-pyridineethanol was suspended* in 80 ml of methylene chloride and . ,1 2.14 g ,;(Q. j 20 .> mol, 
25 16.7 ml) of triethyiamine was added. This mixture was added to the acetic anhydride solution slowly by 
pipet. The resulting mixture was stirred at room temperature for approximately 90 minutes and quenched 
with about 100 ml of water. The mixture was placed in a separatory funnel and the organic layer was 
nsolated^and washed two times with 100 ml portions of water. The aqueous payers .were combined and 
extracted ;two times with methylene chloride and one time with diethyl ether.- The organic extracts were 
combined; *dried oyer anhydrous sodium ^sulfate, filtered and concentrated under vacuum to provide 16.2 g 
of the desired Compound. Purification by high pressure liquid chromatography 1 1 provided JJ^g of 4- 
pyridineethanpl acetate! i j p s ^1 

35 C. 4-Pyridineethanol acetate 1 -oxide V 

To a solution of 38.82 g (0.18 moi, 80% by weight) of 3-chloroperoxybenzoic acid in 360 ml of acetone 
was added 2470 g (0.15 moi) of 4-pyridineethanol acetate neat via pipet (20 ml acetone rinse). The reaction 
mixture was allowed to stir for approximately one hour ,at room temperature until all of the starting material 

40 had been consumed as indicated by thin layer chromatography in ethanokethyl acetate (1:9, v:v). The 
reaction mixture was concentrated under vacuum and the residue was partitioned between 300 ml of water 
and 300 ml of diethyl ether. The aqueous layer was separated, extracted three times with diethyl ether and 
the organic extracts were combined. The combined organic phases were washed three times with water. 
The organic layers were discarded and the combined aqueous layers were concentrated under vacuum. 

45 The resulting residue was dissolved in chloroform and the, solution was dried over anhydrous magnesium 
sulfate and, concentrated under vacuum. The residue was 'dried under yacuum to afford 24.06 g of 4- 
pyridineethanol acetate 1 -oxide which was used directly in the following reaction. ' ! j 



so D. 4-[2-{Acetyloxy)ethyl3-2-pyridinecarbonitrile • 

To a solution of 24.06 g (0.13 moi) of 4-pyridineethanol acetate 1 -oxide dissolved in 260 ml of 
methylene chloride was added -15.87 ;g (0.16 moi, 21.4 ml) of trimethylsifylcyanide. The mixture -was stirred 

: ; for approximately 5 minutes and 17.21 g (0.16 moi, 16.6 ml) of N,N-dimethylcarbamoyl chlorideiwas added. 

55 The reaction was mildly exothermic. The mixture was stirred at . room: temperature, overnight and 440; ml of 
10% by weight aqueous potassium carbonate was added carefully. The mixture '.was; stirred - for; approxi- 
mately 15 minutes and the organic layer was separated. The aqueous layer was extracted three times with 
methylene chloride and the organic extracts were combined, dried over anhydrous sodium sulfate and 
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concentrated under vacuum to afford 25.5 g of the desired compound. This material was chromatographed 
^ ' by high pressure liquid chromatography to provide 18.45 g of 4-[2Kacetyloxy)ethyl]-2-pyridineca>bonttrile as 
luDi , lan 0 ff_ w tii te solid mp' = 49* -52 r ' C. ; — ^ •" "~c-'-~ • - ^ r.<i£.o? Ki^ew ^ .^0* 

W^E. 'Methyl ^(2-hydroxyetl^l)^2-pyridinecarboxylate ; - • -: ..• ; < ; " ' ' : ; ' ^ni mcyit n 

A 1 I. round bottom flask was charged with 18.24 g (0.096 mol) of 4-[2-(acetyloxy)ethyl]-2-pyridinecar- 
' bonitrile and 380 ml of methanol. To the reaction mixture was added 96 ml of 5N aqueous potassium , 
w hydroxide and the reaction mixture was refluxed overnight with stirring. The reaction mixture was cooled 
and concentrated under vacuum. To the residue was added 'methanol saturated with hydrochloric acid (400 
ml), and the resulting mixture was heated to reflux for 30 minutes, cooled and concentrated under vacuum. 
^ ^To the residue was added '400 ml of methanol saturated with 'hydrochloric acid. The mixture was refluxed 
^ 0l ' ? * overnight; cooled to room - temperature and concentrated under vacuum. TTie mrxture -' was "partitioned 
Ts A ' between 5 methylene ! chloride ' ! and 20% - by weight potassium bicarbonate ; in waterpTheVorganicclayer was 
separated, and the' aqueous layer was extracted three times with methylene /chloridesand rdneetime with 
^ ! ^diethyl : etheK Trie i organic extracts? Awere combined, dried over -anhydrous sodium ^sulfate?! filtered and 
fc * M cbrbentrated- la y© r was 

' 1 concentrated to ap^ Its original volume/ extracted three^times-with^ and 

&q iJ one time with diemyi 1 ether: The organic extracts were combined, dried over anhydrous sodium "sulfate and J 
• concentrated under vacuum above to provide an additional 1.15 g of the > desired (com pound. 

The crude products were combined and purified by high pressure liquid chromatography to* provide 9.02 g 
-bf me^ a^clear oil.^ ^-<- 'tj^k;-g iynnox )™ A X 

r»-^ ; f.i'';:i:'. </' " hu\ v.',.' io . . : : : ' U'^ v-^v v. / .'.•>l. , W* ).' c^ii^Ov'vn^OlI>r;YX'/Xu : j 

one ^f/ Methyl ? cis-4-(2-hy^^ ; •• rr.Hv bore/aito lonsn'tom to to: -i& 

2wo© -.^ Methyl ^(2-h^rdxyethyl^ 

bottom flask and l00%i ( l)f a methanbl-saturated >v«th^gasebus n hydrbchlon The 
^resulting i 'solution ; v^s'cohcentrated under yacuum to afford^ 0.98 ^g-of ? the hydrochloride ^^s^CThis^material 
;e ^ nt was : 'hydrbgenated at -50 "'C : arid 60 p.s.i. overnight ^employing V89mH of methariol^arid 1 f .8-g of platinum 
o$ fe- 0 xid e y-The ; rn^ Geirte, washed r wrth- metharioPahd concenfrated^under*vacuum to 

J provide 1^ directly^without purification. 

G. Methyl cis-4-(2-hydroxyethyl)-N-t-butoxycarbonyl-2-piperidinecarboxylate " e& 

To a 500 ml round bottom flask- was ^ of methyl cis-4-(2-hydroxyethyl)-2- 

piperidinecarboxylate and 160 ml of methylene 'chloride. To ; the mixture was added 18.10 g (0.14 mol, 24.4 

40 mi) of Hunig's base and the resulting mixture ! was gently agitated' until all the starting material was 
dissolved. The mixture was cooled to 0 " C, 12.66 g (0.058 mol, 1 3.3 ml) of di-t-butyldicarbonate was added 

, p . and . the mixture .was stirred overnight warming to room temperature. To the : mixture. was r a^ded .200 ml of 
methylene chloride, and the solution was washed three times with 100 ml portions of an aqueous solution of 
10% by weight sodium bisulfate. The aqueous layers were combined and extracted twice with methylene 

45 chloride and once with diethyl ether. The organic extracts were combined and washed three times with a 
saturated sodium bicarbonate solution. The aqueous layers were combined and extracted twice with 
methylene chloride and once with diethyl ether. The organic extracts were combined, dried over anhydrous 
magnesium sulfate, filtered and concentrated under vacuum to provide 16.31 g of residue. High pressure 
liquid chromatography of > the residue . provided 11.58 g of methyl cis-4-(2-hydr^ 

so 2-piperidinecarboxylate. 

H. Methyl cis-4-(2-bromoethyl)-N-t-butoxycarbonyl-2-piperidinecarbpxylate 

55 Dibromotriphenylphosphine : was prepared by combining 9.00 g (0.035 mol) of triphenylphosphine and 
5.50 g (1.80 ml, 0.035 mol) of bromine- in 90 ml of methylene- chloride at 0* C. To this mixture was added 
9.00 g (0.031 mot) of methyl cis-4-(2-hydroxyethyl)-N-t-butoxycarbonyl-2-ptperidinedicarboxylate and 3.70 g 
(3.8 ml, 0.047 mol) of pyridine in 10 ml of methylene chloride. The reaction mixture was stirred for one hour 
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fij ; - at 0 * C and diethyl; ether was added. The reaction mixture i was* i \^h%d^bwioe wjtojan^ of 
10% by weight sodium bisulfate, dried over anhydrous sodium sulfate, filtered ^ang^conce^ 
vacuum. The resulting residue was suspended in diethyl ether > filtered and concentrated under vacuum. 
The residue was again suspended in diethyl ether and filtered, and the filtrate combined with the residue 
5 from the first filtration. The resulting mixture was concentrated ,u 

cis-4-(2-bromoethyl)-N-t-butoxycarbonyl-2-piperidinecarboxylate as an oily solid, used without further pu- 
--v:-^jficatioh-in4heinext-reaction.-- - ^u ht: .•:»; ■ r\:.~,: .j^r?*^ %m tew avoftoti bnucn A ) A 

• • ■>■*■■'• : ': ^ ^ ^ - ;•.•••>=■.••:• : - :; oT tomiM^i '■::;) jm i}Ht: om eiitjinso 

Df'KHj ;, aOiij^n ..^tirrn ://■. rr-.'.um-. -js»v ^yjKIm ^oljOSSt 6fi? fens ebbsoibvri o.t 

(;7.o-; l./Methyl;Cis-^(2<yanpethyl)-N7t-buto b&ztimzaozi htif- 

o^.i^:. ;i?;';nja b;^ Lo; -*.:>.;: ^-acv- - • r$ ^J'^: zi \>i*?£~z' fes*' em-telm Df^-ua^'; srfc bAS- ,^"n 
.;/ To absolution ; : of>l^^ 

;; bromoethyl)^N-t^butoxycarbonyl:2-piperidinecarboxylate and. 40 ; ml of DMSO ;was .addedVg.SO^g : (p-047 moi) 
i; ■ v , of sodium cyanide . ^The mixture-was stirred ,fpr .apprpximateiy;^ minutes ;.at f 50 * J; C.^Jo^e n m^^.r9 was 
r 75 , added « 50 iml each of ; water, and .brine and the mixture.; was extracted s four times wjth ;^ and 
: oncei with diethyl ether. The organic extracts were.combine^ 

dried over anhydrous sodium sulfate and concentrated ^under^ 
• / in 1 00 m\ of -.ethy! > acetateihexane-, (1 :3, y:v) and filtered through ajpne^inch, pad u of T jsilica . gel^j^C^OO .mesh) 
l v in a 1 50, .ml medium ^porosity t sintered ;glass funnel. The silica gel pad. was washed ! ,with : ^ h ^dition^^4p0 ml 
20 of ethyl acetate:hexane (1 :3, y:_v).yT;h^ cis- 
d :4-{2-cyarioethylhN-t-buto^ ^ im ^ mQ0 ^ m s&ubsio ebuio erff 

J. A 250 ml round bottom flask was charged with ;7;57 g (0.026 ,mq!)ipfi methyl .cis.^ 

butoxycarbonyl-2-piperidinecarboxylate and 17.0 g (0.051 mol) of tributyltin azide. TheVesulting mixture was 

heated at 80* C for approximately 48 hours and cooled to room temperature. To the mixture was added 100 
25 ml of methanol saturated with hydrochloric acideThe;mixtar^ and 

concentrated under vacuum. To the mixture was added 50 ml of 6N hydrochloric acid and 150 mi of diethyl 
^n^etherofth^ aqueous 
em . layer jwas^ncentrate^ ^w^dissolyedrjin^ 

I Gr. ; ??iresulting . .mixture, ^was cheated r at j ref lux^pyernig'ht, .cpojed^and.concenjfa^ was 
/3Gf$dissolvad$n ' y^erotreatadj wjm^.fcg^pf^propyiene.^de, at *50 *(G: for-pne"'^^^ ajicUcon^ 

r.iLyacuum.t^he residue; was dissolved, in a minimum r amount t of water^.and^ to 
, rvaiOiCifor ,72, hours:; The precipitated cCrystaJ^jwerei collected x by D vacuum*^ 

acetone and diethyl ether. The crystals were recrystallized from water to provide 3.25 gof cis-(±)-4-[2-(1 (2)- 
H-tetrazol-5-yl)ethyl]-2-piperidinecarboxylic acid dihydrate, mp = 260 '-265* C m 

35 . , ^^hr^-lrS^is-lli-^.J^-^-y^ 



■ 40 











Analysis calculated for Cg His Ns02 *2H20 


Theory: 


C, 41.37;. vi 


,H,7.33; ;v ; 


; N. 26.80; : 


Found: ; , 


C, 41.60;. 


( H, 7.27; 


N, 26 75 ; 



The compound of Example 2 was prepared 1 according in 'Example 1. 



Example v 2 f; ' 



cis-(i)-4-[3-(1 (2)H-Tetrazol-5-y l)propyl]-2-piperidinecarboxy lie acid, i mp >t = 257*" -261 &G*° h> r( " ;0 " 1 



r;-;,-v V 



50 





, Analysis calculated, for, Ci o H 1 7,Ns O2 s , < ; :i 




Theory: 


C, 50.20; 


H, 7.16; 


N, 29.82; 


55 ; , ■ . ■ 


Found: 


C, 49:90; 


;H,7.23; 


n; ; 29^2. u1 



Example 3 
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cis-(±)-4-[{1 {2)H-Tetrazol-5-y!)methy(}-2-piperidinecarboxylic acid 

To a solution of 30.5 g ; (0.24 • mol) of 4-methoxypyridine-NTOxide in 250 ml of methylene .chloride was 
;o ^ added 30.3 g • (0.31 rnol, 40.7 ml) 'of trimethyisiiyl cyanide. Approximately -five ^minutes : later 32,8 :g> (0.31 
1 ! mol, : - ! 28.0 ml) of NiN-dimethyleartjamoyr^chloride was ? added; in four.' 7-mL* portions ; over one .hour. The 
resulting ? mixture : was stirred ^overnight ;at room temperature. :To*the mix^ of 
.-. ; . v;i 0% by weight; aqueous potassium carbonate/ After ,1 5 minutes ;at room temperature; the ; prganic layer was 
separated and the aqueous layer was lextracted twice wthi methylene chloride .and^ once rwitojdietoyl -ether. 
15 The combined -organic^ extracts\were ;dried <. over ^anhydrous magnesium ; sulfate, : filtered -and? concentrated 
under vacuum. The residue was dissolved in 150 ml of 48% by weight aqueous hydrobromic acid. The 
resulting mixture was heated to reflux overnight and cooled to 0* C. The crystals that formed were collected 
by vacuum filtration, washed with^diethyk ether, and dried? under ^vacuum; ati 50 aC to afford ,45.5: g 1 ; of 4- 
hydroxy-2-pyridinecarboxyIic acid hydrobromide. 

?-?:jc«B;"Cthyl--44iydroxy^ bes&aiy a&w c^aite .sou^m 03 io- .u.q 

To a 1 I. round bottom flask was added 45.5 g (0.21 mol) of 4-hydroxy-2-pyridinecarboxylic acid 
25 'hydrobrbmide arid 500* ! ml of Methanol ■■ saturated.; with hydrochloric acid.;The t mixture was; ^heated* to reflux 
r; v j overnight^ cooled and ; concentrated under vacuum to 1/3 of its original' volume. . After cooling ;the mixture tto 
: > • about 0 r C; the' resultant crystals were ■ collected toy* vacuurmfiltration; washed with ethanol, and; diethyl ether, 
c and dried under-vacuum to afford 29.5'gi of ethyl 4-hydroxy-2-pyridinecarboxylate hydrochloride:, ri dfev 
cn-^vv sis^ cfTH' .Tsri'v* iyriJsib fens bfors atioki-ro'toyf* yuomtpK $39 nft^^v frcjriCfSSTSqf br^» "ffHJtfKDV 

C^Ethyl cis r 47hydroxy?N-t?butoxycarbqnylT2^^ &^y ei-hmm oiff -fnyuaev >r4xiij ci 

.'sv&vif svbjstr. &riT .muij^?;»v ':3briu tmistmonc,::- t>^§ «^^'^^;;tO^ ??ioo'> cd bc-ioa? jvfeHn^vD :-?i^nc^. 03 Ussaafl 
■■sifcraj- b-:Ethy|;4-hydroxy-2-pyndinecarbbxylat^ h of 
^r-o ethanol with"! 5.5 g of 5%-byi weight rhodium on alumina at 100\C and : 1 000 p.s:i. for 1 0 hours.-The mixture 
35 was cooled ^filtered ' and vcohceritirated sunder^ vacuum: ^.:To^the^residuetwas> added 250: ml of methylene 
3..)i chloride,.50 ml of ethanol an the dropwise ^addition 

^»oi:2B:4 g^0.13 r moli/29.9 1 ml)^of di-t-butyldicarbonate over a .perlod of thirty. minutes:rAfter -one ;hour the 
* v mixture'' was '^concentrated; under j vacuum, -and * the residue was^dissolved ;in : methylene/chloride ■ and;>washed 
twice with 10% by weight aqueous sodium bisulfate. The combined aqueous washesrwere?extractecit once 
40 with .methylene chloride and once with diethyl ether. The organic extracts were combined, dried over 
anhydrous sodium sulfaterfilterejd;^ Hquid chromatography^ 

the residue provided 21 .3;g of ethyl, cis^hydroxy^ as a colorless 

oil. ■ j • ; < • * • v;"on : ■ . . 

45 l " — . - ~ -■ ™ — 

P. Ethyl 4-oxo-N-t-butoxycarbonyl-2-piperidinecarboxylate ' 

To a 1 i. round bottom flask was added 33.6 g, (0.16 mol) of pyridinium chlorochromate, 35 g of 
powdered 4A molecular sieves and 200 ml of methylene chloride. After stirring the mixture at room 
so temperature for sixty minutes, a solution of 21.3 g (0.078 mol) of ethyl cis-4-hydroxy-N-t-butoxycarbony[-2- 
piperidinecarboxylate in 50 ml of methylene chloride was added. After stirring the mixture for sixty minutes 
at room temperature, 700 ml of diethyl ether was added. The mixture was filtered through three-fourths inch 
of Celite and three-fourths inch of siiica gel (230-400 "mesh) in a 650 ml medium' porosity sintered glass 
o > funnel The solids were, washed , with 1 . L of v diethy! ether and Jhe filtrate was concentrated under vacuum. To 

55*' 

andjhree-eighths inch a 150' ml medium .'porosity sintered glass funnel. The 

^ ; solids ! were washecl 'with 500 mf of "diethyl emer. 'arid the filtrate "was ' conceritrated under vacuurn. The 
'"^ ; '"residue [ was " ( purified "by high '^pressure ' ' liquid chromatography ;to ^provide [, 1 4.'6' . g of ethyl:; 4^xo-N-t- 
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butoxycarbonyl-2-piperidinecarboxylate as a colorless oil. 



E. Ethyl 4-cyanomethyiidene-N-t-butoxycarbonyl-2-piperidinecarboxylate. s 

5 

To a suspension of 0.75 g {0.019 mol, 60% by weight Jn -oil). of so.dto 

with hexanes) in 40 ml of THF was added 3.34 g (0.019 mol), of diethylcyanomethylphosphonate. After 
w stirring the reaction Ynixture for thirty minutes at room temperature, a solution :of:4.26 g (0,01 6.:moi) of ethyl 
; ^4-oxo : N-t-butoxycarbonyl : 2-piperidinecarboxylate in 10 ml of THF was addediiThe ;mixture was stirred for 
m 30 minutes' at room temperature and 90 minutes at the reflux temperature :\of the, reaction/ mixture,, then 
i cooled to - room temperature and quenched with < -water . The organic layer :was ^separated and the, aqueous 
: r layer extracted ; twice - with 'diethyl iether. The organic extracts were /combined dried ; over - anhydrous 
' i --- v magnesium sulfate/ filtered -arid concentrated under vacuums High : pressure ; liquid chromatography eof the 

residue afforded 3.58 g 'diethyl 4-eyanomethyIidene-M^ e^'T t\ 

^ v.-.-p. Ethyl cis-4-cyan'omethyl-N-t-butoxycarbonyl-2-piperidinecarboxylate ; oi^?: -;^^ 

Ethyl 4-cyanomethylidene-N-t-butoxycarbonyl-2-piperidinecarboxylate (9.00 g, 0.031 mol) was hydroge- 
20 nated in 140 ml of ethanol with 6.90 g of 5% by weight palladium-on-carbon at room temperature and 60 
p.s.i. for 60 minutes. The mixture was filtered through; Celite /andxpncentratedy under yacuum.lHigh pressure 
liquid chromatography of the residue provided 8.20 g of ethyl cis-4-cyanomethy l-N-t-butoxycarbonyi-2- 
uym piperidinecarboxyiate^xc - -r ; 'k^v tlX:) \: w\&s> h?^1 moi?^. b^o; ■ -s oT 
;iiirs7 r?7 GP;Ethyi:-cis-4-cyahomethyl^ (8.0; g;; 27-.0 mmo!):[and ^17.9rg 

^5^(54:0 ?mmol)? tributyltin ^azidevwerefi heated; tor 80 ifor.^72 hhours.:?Thea mixture, was - cooled , tearoom 
,??r^temperature and rcharged with ^10 mh;of imethanol^Tojthisisoiution-wasjadded lOOjml: of: methanoj saturated 
with hydrochloric IgasMfter :stirringv for \two hours ?at- room temperature ,vthe mixture ;was cpncentrated 5 under 
vacuum and partitioned between 6N aqueous hydrochloric acid and diethyl ether. The layers were 
separated and the aqueous layer extracted again with diethyl ether. The aqueous layer was concentrated 
30 under vacuum. The residue was dissolved ; ^in> 70 nm! : of.6N; aqueous ^hydrochloric acid.^The imixture was 
heated to reflux overnight, cooled to room temperature and concentrated under vacuum. The residue was 
to '^dissolved Mn « water;\treated (with (6 m I , of prppy lene oxide at .50 ".C for one ; hour, and concentrated under 
t ; r t y?KVacuurh^To>the 'residue, was wadded 75 ml of ethanol, : and ;theiresulting;mixtare\was heated; at reflux for one 
e^cHhour: The' mixture twas ^cooled, ;and the : resultant ^precipitate - was. collected, by jyacuumjfiltration vand^washed 
^s^fcwith methanol and acetone^fThe -precipitate was suspended, in i acetone; andi,refluxed for oner hpur.^ejrnixture 
s was cooled./and7filtered.1iThe5fprecipitate was washed with acetone : and , diejhyjicether^and dried nunder 
b ^ vacuum to ■ afford 3.0 g of \ cis-(t)-4-[(1 (2)H-tetrazol-5-y l)methy l]-2Tpiperidinecarboxy lie acid acetone solvate, 
e^nemp = i125^-128" ^ i-w^m^r. _. : :^r ^ ( - in^i yo t *eOi <Mw : 



Analysis calculated for C»Hi 3N5 " C3H6 0 


Theory: 
Found: 


C, 46.68; 
C, 46,58; 


H t 7.44; 
H, 7.12; 


N, 27.22; 
N, 27.28. 



Example 4 \ " v " 

^ .. > Z~(± )-4-[(1 {2)H-Tetrazoi-5-'y l)memy lidene]-2-piperidinecarboxy lie acid K " . ' ' / \ ' ? ' r; ^-;- ! - ■ ; r ' 
v , f ' ; . " . A 2.16 g portion of ethyl 4-cyanomethylideh'e/N^ 

^ according to steps A-E of Example 3 above) was "dissolved "'in i 5 "ml of dimethyl ether', and'* 5.69 g"6f 
t ,, v tributyltiri azide was added. The mixture was stirred ^at '80 ° for six days. ;A total of 6 ^ 
, v , was" added from time to time during" the re'action/T^e'miidure Was cooled 'at the end 'of the 
: ' and 50 ml of diethyl ether was addecf Hydrogen "cnioride gas was bubbled through 'the solution for about 
five minutes, until it became cloudy, and the mixture was then concentrated under vacuum. Fifty ml of 
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acetonitrile was added, and the mixture was extracted five time* with a total s of ^500 jnl tf Jmm. The 
hexane extracts were discarded, and the ^ acetoriitrile layer was concentrated under vacuum/ The residue 
was chromatographed ,.on 100 g of silica .get, eluting .with 4% acetic, acid in diethyl ether. The product- 
containing fractions Were ^ combined ''^d^ncBpii^& unc^r vacuum to ■ obtairV ;i .7 g * of cnJde> product, which 
' was heated under^re^ux y/(th 70 ml oV.6N' jiydro^ and 
r concentrated' n undef 1 vacuum to' obtain a solid .product Water was added, apdjthe ; soHd^ was %©i|cl and 
^waitmd with 1 acetone and ether and dried; under vacuum ; to 1 afford 0.42 ' g 'of product as the*'difiydra^.'j ,& 
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, Analysts calculated for Cs Hi 1 N 5 O2 , 2H 2 0 


Theory: 
Found: 


*C, 39.18; 
C, 39.17; 


' H, 617; " 
H, 6.01;' 


N, 28 56; 
N, 28.31. r 



ifLSr/iO 



10 r-~hsov; n Cc.i .A 



;s. 



Example; 5 ■ \ ,v£j. ; r-oe l-:->??xi<no::> ei&w 



Butyl cis-(±)-4-[(1 (2)H-tetra2ol-5-yl)methylh2-piperjdinecarboxylate ^^^^^ . i& " 

A 1.02 g portion of the product of Example 3 was esterrfied^byT adding it to 250 ml of n-butanoi, 
saturated with hydrogen chloride. The mixture was heated under reflux overnight, and was then cooled and 
concentrated under vacuum. The residue was dissolved in water, and was purified by eluting it through an 
_ Jon. . exchange .column ..with ,10%.,, pyridine in .water. ^ The ;product^nteining f factions, were combined and 
coh'centmfed under vacuum, and the residue was suspended in ^ one 
nour?That mixture^ was then filtemd, and the iijtfafe was 

1 up in diethyl etheK and that :mi)cture was filtered. 1 The solids were .washed Mth^i(^]^ g 
of .the desired product mp,= . 182 . -185 .C... . ^ .,, : , vv , ,..,:,,,.,„. t u :yj .„ >z ^ orfT 

• ? - ■">.*■'.•» si rioiriw no'msvfti oft! ■ 



35 



. Analysis calculated fonCi 2H21N5O2 :r. ^ 


Theory: 
Found: 


C/53.92; 
C, 53^66;" 


: H; 7^2;~ ? 
H, 8.02; 


N/26.20; ' 
N, 2&05/ 



trriucn to vlehsv 
.eaSuoi iaissn&itoi 



. Example 6 ^ 



Ethyl cis-(±)-4T[(1 (2)H-tetra20l-5-yt)methyl]-2-piperidinecarboxylate , 



■ini *o -bn^oqmoD- 



A 1.05 g portion of the product of Example 3 >was ^ 
Example 5 above, except that the - solid: obtained after ion exchange was unsoluble in acetone and so it was 
filtered, washing with acetone and diethyl ethers obtain 0.75 g of the desired product,- mp ..= 98* -101*0. 



Analysis calculated for C10H1 7N5O2 "0.95H 2 O 


.Theory: 
Found: . 


C, 46.84; 
C. 46.49; 


H, 7.43; 
H, 7.11;, 


N, 27.31;ni 
N, 27.91: 



55 



Example 7 
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^^,:cis-(±)-4-[(1(^-Mem '^IJ^T'T^ 

» I v-n , p ou r 9 of ethyl' cis-{±)-4-[(1 (2)H-tetra2bl-5-yl)methyl^ was 
added to .0.6 g of. sodium, hydride in 16. ml of dimethyi form 
; for one hour, and then 1.9 g of rnethyl iodide was addedj ih 1 mr was 
stirred, overnight at ambient temperature,, and then 0.06 'g of additionat hydnde; was ^ 
was stirred for three hours more. About 2 ml of water was adcied slowly to quench the'hyciricle! and then the 
mixture was concentrated under vacuum. The residue was taken .up with ethyl acetate and water, and the 
organic layer was dried over magnesium sulfate and concentrated under vacuum to obtain 3.2 g of residue. 

io The crude product was purified by chromatography™ over 250 g of silica gel, eluting with 7:3 
isopropanol:acetic acid. The product-containing fractions were concentrated under vacuum to obtain 1.47 g. 
of product, in the blocked iorm.'L .1 / ' TJrlJ .J^l'i'l! J 

A 1 .39 g portion of the above intermediate was added to 50 ml of 6N hydrochloric acid, and the mixture 
was heated under reflux overnight and cooled. It was then concentrated under vacuum, and the residue was 

75 purified on an ion exchange column, eluting with 10% pyridine in water. The product-containing fractions 
were combined and concentrated under vacuum, and the residue was heated under reflux in acetone for 
one hour. The mixture was then cooled and filtered, and the residue was oven-dried to obtain 0.184 g of the 
desired product, in hydrate form. 



Analysis calculated for Cs Hi 5 Ns 62 * 1 .Shfe O 


■ Theory: 
Found: 


: C, 43.47;; 
C, 43.78; 


>H f 7.13; ; 
. H,:6.71; r 


iN,28.16;.n 
fN, 27:82.. 
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SffFO 



As , rioted r .aboye^ jhe ?v cbm^u^ : of 'Ms ' ihye^ion* ^e%006ry^ ^mo*ac^ 
. , ., another embodiment ^ jrotjipdjof blocking one qr more' ixcitate^a%inb, acid 

n Kg receptors in mam ^comprises ad^ decreased ^expiatory amino 

"acid 'neurotransmission pharmaceulbcally 
^ o The term "pharmaceutical^ effective amount", as used herein, repre^ 

the invention which is capable^ blocking one oLmore^exc^ receptors. The particular dose 

of compound administered according J to this invention ::wilh of rcourse be determined by the particular 
circumstances surrounding^the^ the route of administration, the 

particular condition being; treated, and similar •', considerations, i The' compounds can be administered by a 
3s variety of routes including ..the. .oral ,\ rectal, ^ tmnsdermalt'lsubcutaneous, intravenous, intramuscular or 
intranasal routes. A typical daily dose will contain from about 0.01 mg/kg to about 20 mg/kg of the active 
compound of this invention. Preferred daily doses will be about 0.05 to about 10 mg/kg, ideally about 0.1 to 
about 5 mg/kg. 

A variety of physiologic functions have been shown; to be subject, to influence by excessive stimulation 
4o of excitatory amino acid neurotransmission. As such, the compounds of the present invention are believed 
to have the ability to treat a variety of disorders In mammals associated with this condition which include 
neurological disorders such as convulsive disorders for example, epilepsy; stroke; anxiety; cerebral 
ischaemia; muscular spasms; and neurodegenerative ^disorders, such \as Alzheimer's Disease .and ; Hunting- 
ton's Disease. Therefore, the present invention also provides methods of treating the above disorders at 
^^rates set forth above 'for. excitatory amino acid receptors/in^mammals; -01 ^1- v: 5 ;oinoq r £0. r A & 
The following experiment was conducted to demonstrate > the: ability hof; the compounds of/.the^present 
> ; invention to inhibit responses due to excitatory amino ac\6 agonists. ^Ai typical vreceptor^ substance is 
characterized by N-methyl-D-aspartic acid {NMD A). 

Male Charles River CF1 mice held in the laboratory for a minimum of three days were housed, 12 per 
so cage, on sawdust bedding in clear plastic boxes . with wire mesh lids. Animals were allowed full access ^to 
feed and water prior to testing. --V ; ki- /;.;■. ;• •,<•. ... - ; .;" . 

Unless otherwise specified, all test compounds-: 1 were : ; formulated in dimethylsulfoxide (DMSO) and 
diluted to a 5%, DMSO/sterile water solution by volume. Dosing began at 160 .mg/kg. If any significant 
activity was detected, the test drug dose was divided in half until no more activity was detected. All test 
55 compounds were administered using the intraperitoneal injection (i.p.) route at a volume of 0.01 cc/gm. ^ 
Five mice were taken from the plastic cages, dosed with the test compound and placed individually in 
clear plastic observation cages. After a 30 minute -drug absorption period, the mice were injected intra- 
peritoneaily with 200 mg/kg of NMDA. This dose of NMDA produces death in more than 95% of control- 
treated animals. Twenty minutes after the NMDA injection the animals were scored as dead or alive. Data 
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are reported as the minimum effective dose (MED) to block NMDA-induced lethality. Protection from 
«*ri* iethality:;is^met^by4he^survrvalTof;atKleast threesof pthej ives animals. ^The^data, is setiforit^in Tabled below. 

Data for APS and AP7, knowmexcitatory, amino ^acid iantagonistsrare^provided for^cpmparison-ii btniesb 
©fif to eooos eni rifrti; ot bebneinl ion e\s t>m -Anil atoteiiKiiW eis nsiqrn&xo nol&Iu^so? gniwofc£ stfT 
5 Table I <YSW yns r;i noijnsvni 



70 
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■I 03S 1 



In Vivo NMDA Induced 

- "Lethality—: 




Example No. of 


MED 




Compound Tested 


; (mg/kg) a 




..1. 


20_... 




2 


10 




3 


10 




4; - • • 


—-20™ 






: ^ 160 ^ 




7 


160 




APS 


80 


AP7 


._.160_. „ 





In another 'expenment^m 1 (7 to 8 * days old) r Sprague-Dawley rats were ; removed 

from the dam and placed in plastic observation chambers that were maintained at 30-32* C. All test drugs 
were dissolved in normal saline. Activation of NMDA receptors in these rats leads to a readily observable 

25 generalized motor seizure in over 95% of the~ ariimais;~These seizures are not blocked by administration of 
a non-NMDA selective antagonist drug, but are readily blocked by NMDA selective compounds. 

Animals were injected by the intraperitoneal route, wifo the test. drug (1m MWgoibQti^w^ght) and 
observed for a 30 minute period for seizure (potentiaTagbn^ NMDA 
at a dose of^O.mg/kg^ seizures for an 

so additional 3p minutes^following NMDA administration. Animals were rated as being positive or negative for 
the clear demonstration of tonic-clonic seizure activity with loss of righting ability. Generally, five animals 
were used aTeacftidose~oV 3 out of 5 

animals exhibited^eizures. The* minimum : effe^ prevented NMDA- 

induced seizures^ at least three out of five animals. v ^^^^ 

35 The MED of Example j6 in the above test was 200 mg/kg. 0:: ' :TiLii m ^™^™*"® \ 

The compounds^pf the present invention are preferably formulated prioVto aSministration. Therefore, 
yet anotherLemboc;S a compound of 

the invention and. a. pharmaceutical ly acceptable carrier, diluent or excipient therefor. 

The present pharmaceutical -fo™ and 

40 readily available ingredients. In making the compositions of the present Invention, the active ingredient will 
usually be mixed with a carrier, or diluted by a carrier, or enclosed within a carrier which may be in the 
form of a capsule, sachet, paper or other container.;;When the earner serves as a diluent, it may be a solid, 
semisolid or liquid material which acts as a vehicleT excipient or medium for the active ingredient. Thus, the 
compositions can be in the form of tablets, pills, powders, lozenges, sachets, cachets, elixirs, suspensions, 

46 emulsions, solutions, syrups, aerosol, (as a; solids in i a; 1^ 

up to 10% by weight of the active compound, soft and hard gelatin capsules, suppositories, sterile 

injectable soli#ons^a^ powdersr"^ ~ 

Some ex^ple? !of Suitable .carriers, excipients sorbitol, 
mannitol, starches;) gum acacia;^ calcium phosphate; silicate, micro- 

50 crystalline cellulose', polyvinylpyrrolidone, cellulose, water syrup, methyl cellulose, piethyl-and propyl- 
hydroxybenzoates/rtalcj magnesium stearate and ; mineral Moil. ^pie ^fqrmulatipns^can additionally include 
lubricating ageittsSTwetting agents, emulsifying and suspending agents, preserving agents, sweetening 
agents or flavoring "agents: The' compositions of the' invention may be formulated so-as to provide quick, 
-„ .sustained or. delayed release of r the active ingredient after administration to the patient by employing 

55.. t procedures^ well .knqwnMnJhe art., { .. ...... >riV ^ .. fit , ;i -, , V -,^. T ^. 0 ^ ±^ * n , .;,.>,;,,,.. 

' -J-^ Jhe 

to about 500 v mg^ more usually' about 25 to' abouf 366 : mgi of the active ingredient. 'Trie' term "unit dosage 
form" refers to physically discrete units suitable as unitary dosages for human subjects and other 
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^^rriammals, <each 3 uhit : coritaihina/a predetermined ^quantity- of sactive'H material., calculatedrvto^prqduce: the 
desired therapeutic ^effect, in association with a suitable ipharmaceuticakcarrier.n;; , T<is b% c-h'\ 7$ g mo 

The following formulation examples are illustrative only and are not intended to limit the scope of the 
invention in any way. 

5 



Hard gelatin capsules are prepared using the; following ingredients: 





Quantity 
(mg/capsule) 


{ + )-4-[3-(1 (2)H-Tetra2pl-5-yl)propyl>2-piperidinecarbbxylic acid 
starch, dried < 
magnesium stearate 

Total ; ; 


250 
200 
10 

460 mg 



u,v i ; . ^eaboye ingreclien^ mixed and filled into hard gelatin capsules jn 4^ ^ 

\o ivMsin-itintoz yd teoaki Km cswr.isv . , Formulation 2 nf , £; £ ^- e m onistev: loiom b^u^nei:/ 
25 - ..c^yoomc:* ov^m* AGWi v j jok"- vHq;,^ «r fS ^inb ssfcrogsira ewoe!^ AG&VWton 



^ evifs^vKs vo m BUsuq pited e& bf&n ev^, ^*r^* ,n/>^fe<nifm^ AuM^ js*!* ^[Quantity 1 ij * lenciifebs 

■^pmiiliB SV^ i¥ ^^a .${ifcte>^T$: U- -A " v-iv-.; : :> e r-;::< ; -Nf ~ 1 j (mg/tabiet) K b ^sb "eri? 



r,:i£ The'com 

in:-:; ; ;|-M ; rM --^;.....v . - • ';v"-. . .; .: 

: 4q-: «:: 0: ; - £. -jr;; ; 




Formulations 



.^An aerosol solution is prepared containing the following components:. ivr .-^i.-:.: - ,^ ^h;rr: 

_Jo^,d^a^ 

Zffilifom \>j.-:*C-:': ' 



0 - ;V The- a ctive%m^u^ 
;G-^ ntainerand 



Mi)-^E2^(1(2)H-Tetra2o(-5-yI)ethy^2TpiperidinecaLrboxylic;acM 
ethahol Xt :^^\- .--r. . .v!.^'.;;-,;;:^^..-:, 

Propellarit 22 (chlorodifluoromethane)'' ^ 'Vr, - /;■:;.>.:■ 



Weight% 



m : 0.25 : .« :i 
29.75,: 
■ 70.00 r ■ 
:v ,10000. 



is mixed with ethanol and ^the "mixture 



to a'portiori of the Propeliant 22, 



and transferred to a filling device. The required 



Formulation 4 
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Tablets each containing 60 mg of active'ingredie'rit are 7 made as follows: 



X±)-3-[2-(1 (2)H-Tetrazol-5-yl)ethyI]-2-piperidi necarbq^Jic.^d , 
<starch [■ 

• macrocrystalline cellulose 

polyvinylpyrrolidone (as 10% solution in water) • ;r 
sodium carboxymethyl starch 
magnesium stearate 

taic^.: : ; ; ' : ' ' ' *' ; r v ' " v " ; 

Total '/**'''" ^ - >; '' ; ^ 




20 



The active ingredient, starch and cellulose are passed through a No. 45 mesh U.S. sieve and mixed 
thoroughly. The solution of polyvinylpyrrolidone is mixed with the resultant powders which are then passed 
through a No. 14 mesh U.S. sieve. The granules so produced are dried at 50* C and passed through a No. 
18 mesh U.S. sieve. The sodium carboxymethyl starch", magnesium stearate and talc, previously passed 
through a No. 60 mesh U.S. sieve, are then added to the granules which, after mixing, are compressed on a 
tablet machine to yield tablets each weighing 4 50;mg. b^eq^K: ^ y-! -o -^nvd ^sne^iini nA 



Formulation 5 



-. . . t 



ek^Gapsutes each cxintaining 80 ^m^ ^ nctfulc^ erfT" dl 



(+)-3-[3-(1(2)H-Tetra20l-5-yl)propyl}-2-ptperidinecarboxylic acid 
starch 

microcrystal line cellulose 
magnesium stearate 
Total 




35 



The active ingredient, cellulose, starch and magnesium-stearate (are blended, passed through a No. 45 
mesh U.S. sieve, and filled into hard gelatin capsules in 200 mg quantities. & 



Formulation 6 T 



Suppositories each containing 225 mg of active ingredient may be made as follows: 



(±}-4-[2-(1 {2)H-Tetra20l-5-yl)ethyl]-2-piperidinecarboxylic acid 

saturated fatty acid gtycerides 

Total : 



225 mg 
2,000 mg 
2,225 mg 



The active ingredient is passed through a No. 60 mesh "U.S. sieve and suspended in the saturated fatty 
acid glycerides previously melted using the minimum heat necessary. The mixture is then poured into a 
suppository mold of nominal 2 g capacity and allowed to cool. 



Formulation 7 



Suspensions each containing 50 mg of medicament per 5 ml dose are made as follows: 
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(*: 

sodium carboxymethyl cellulose 
syrup ; 

■'benzoic acid solution Jj " 
flavor 
color : 

purified water to total 



lie acid 



50 mg 
50 mg 
Jt.25ml 

SjDiiO^ml 
nc/^q.v. 

rww5 ml 



70 The medicament is passed through a No. 45 mesh U.S. sieve and mixea^with the sodium carbox- 
ymethyl cellulose and syrup to form a smooth paste. The benzoic acid solution, flavor and color are diluted 
with some of.;^'^ required 



volume. 

te/xiori -v>m &va)si .e. 



Formulation 8 ^ 



An intravenous formulation may be prepared as follows: ^ 



20 



(±)-4-[2-(1 (2)H-Tetrazol-5-yl)ethy^ acid 
isotonic saline 



100 mg 
1000 ml 



25 The solution of the above : ingredients is administered intravenously at a rate of 1 ; ml per minute to a 
subject in need of^treatment .:„_..■.-.„„. 



Claims 



I- - ! ^' I ■ 



1 . A compound of the formula 



5*- ,0V> ripyr^rt: 
35 



50 



*N-R 2 




N 



(CH 2 ) n 



wherein: 



20 



EP 0 330 353 A1 



0 O O 0 0 0 

II II "'R^ — II ' III II II 

R 1 is -COR 3 , -CN(R 4 ) 2r -CNHSR 3 , -CNHCR 3 or 

lk :\\ - 

N N-R 2 > ° 



15 



20 



25 



35 



R 2 is hydrogen or Ci-Cs alkyl; j 
n is 0, 1, 2 or 3; J 
m is 0 or 1; , f 

provided that the sum of m and n is 0 t 1 , 2 or 3; ? E '"- " 

R 3 is hydrogen, Ci-C+ alkyl, phenyl or an oral ester forming group; 
Yis -CH = ; 

each R* is independently hydrogen, Ci -C+ alkyl or phenyl; or 
a pharmaceutically acceptable salt thereof.' 1 " f ' '"' ' ^ Vjt " f : '' 
2. A compound of Claim 1 wherein R 1 is 

o 

- G OR 3 . 



3. A compound of Claim 1 or 2 wherein R 2 and.jR 3 are hydrogen. 

4. cis-(±)-4-[(1(2)H-Tetrazol-5-yO acid or a pharmaceutically acceptable 
salt thereof. m ^v s -^M .v.-. 

5. cis-<±H-[2 7 (t (2)H-Te^ acid or a pharmaceutically acceptable 

salt thereof. I 

6. cis-{±)^[3^(1 (2)H-Tetrazol-5-yl)propyl]-2-pipendinec a pharmaceutically acceptable 

salt thereof. v 

7. Z-{±)-4-[(1 (2)H-Tetrazol-5-yi)methylidene]-2-piperidinecarb6xylic acid^ or a pharmaceutically accept- 
able salt thereof. f\ 

8. A compound of any one of the preceding claims for use in* blocking one or more excitatory amino 
acid receptors in mammals. | !-■"■' 

9. A pharmaceutical formulation comprising as an active agent a' compouriB of any one of Claims 1 to 7 
associated with one or more pharmaceutically acceptable carriers or diluents therefor. 

10. A process for preparing a compound of any one of Claims 1 to 7^omprising: 
A) esterifying a compound of the formula 



45 



55 




mw:^^ *H-X siumttf .art? io i^D'uv-* 



II 



with an alcohol of the formula HOR 3 , wherein. R 3 is C1-C4. alkyl,. phenyl or an oral ester forming group; 
B) aminating a compound of the formula . r - 
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c o o c 

1 




r v- .; .o ■ ■. •- 

• .• k t & ; -f • r. ; .V ^ - -r-v^;- 

»r- >0 -v ! ^ * r >:.;'" : /vy'^ £! "'f- 

' ; v 

with an amin* nf th* formula HNfflM HWH^O R3^r HIVlrfrfSR^ V^»-^. '■' ^ * ^ ^ 

w.th an amine of the formula HN(R ) 2 , HNHSO2R or HNHCQR , ^. ;a , M , iij0;; ^^.-i, , , 
C) alkylating a compound of the formula ^ fR ^ ^ , ^ ^ b ; A , 

■ o 
■ .^00 - 

i ' .k.-r'i*t . 

Y ^ b^-md.; t'^- _ 

-§o*33S v!iK#Uu&^fn^nq « ^^^^ ;V 

35 ^ai&ftf g$^sHb 10 tRm^ mziwpoo? ^soitenzzwiofte fern- 10 &no fitfw. b^sateoaes 



N N-H 
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by acidic or basic hydrolysis; or 

B preparinq a salt of a compound of formula I with an acidic or basic salt-forming reagent 



Claims for the following Contracting States: GR; ES ^'^^ 

. i ' 

1 , A process for preparing a compound of the formula s ^ 



75 



20 



25 



wherein: 



":,Y 




■HOOO ■ -y i 



O 0 A O 'O 
II I N H ll 



R 1 is -COR 3 , -CN<R 4 ) 2 , -CNHSR 3 i -CNHCR 3 or 



35 



40 



N- 



•N-R 2 
I 



HOCo) 



'"14" 
I 



N 



45 



R 2 is hydrogen or C1-C3 alky!; 

n is 0, 1 , 2 or 3; I 

m is 0 or 1 ; . ' ■ t \ 

provided that the, sum of m and n is 0, 1 , 2 or 3; { ' : 



R 3 is hydrogen, Ci-C* alkyl, phenyl or an oral ester forming group; 
Yis-CH = ; /: ^riD) ■ 

50 each R + is independently hydrogen, Ci-C* alkyl or phenyl; or , y 
a pharmaceutical^ acceptable salt thereof; : ^ \ 

comprising: / 
A) esterifying a compound of the formula i 



55 
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ii r 



A J 





if 



COOH 



T ■ 

'" ! 



with an alcohol of the formula HOR 3 , wherein R 3 is C1-C4 alkyl, phenyjpr an oral ester forming group; 
20 B) animating a compound of the formula , x 

N 

II 
N 



25 ■ 




N-R 2 
N 



■ H 



II 



35 




^CH 2 ) n 



: AO' J- qi J 5i 



COOH 



J 



with an amine of the formula HN(R t ) 2 , HNHSOjR 3 . or HNHCOR 3 ;. 



*>■ . ' C) alkylating a compound of the formula 



50 



N- 



N 



H 



"N-H 




N 



: ) >C; 0 3-1 
; ~ HD- a: V 

' - • •• : '• ' -/i 1 ' ! - ;y : .. »*: A: E fr.-i.y. 

■ - f!./"^ -.^j'.-'.;' ;o'j>„ *"n'i:^rti _ ; ; 
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with a halide of the formula X-R 2 wherein' R^is Gi^Cs'alkyl ahd)X is^bromo, chloro or iodo; 

D) deblocking a compound of the formula ^a**ij ' w -<^^ 




30 



35 



by acidic or basic hydrolysis; or| 

E) preparing a salt of a compound of formula I with an -acidic or 'basic satt-forming iteagent. 

2. A process of jClairn,1>for preparing a compound of formula I wherein BH is -CQORSjwherein/R 3 ijs d- 
C+ alkyi, phenyl orjan oral ester forming group, 5 comprising esterifytng' a compound of (formula H with an 
alcohol of the formula HOR 3 inj the presence :of ;a coupling a^ht or .hydrogen chlbrideigas jand a mutual 

;^^3^AJpi;6cea5 of. Claim 1 for preparing a comjiduriti* of .^formulatl vwherein RIj is: ICODR?-. -^herein ]R 3 is 
j2iCQ^^ or -CONHCOR 3 , comprising^aminating; a compound of: forrnulaail with an amine 

v qf "the, formula HN{R 4 -) 2 , HNHSOOR 3 or HNHCOR 3 oin the 1 presence of al coupling aagent and a mutual 
^or^anic solvent.^ j \ , ; %&ti ,?3& I :^3ff? ys^icoj j 

' ^ ^A^process of Claim 1 forj preparing a compound of formula I wherein • R2 is Ci>C 3 (a]kyl comprising 
alkylating a compound of formula HI with a halide of the formula X-R 2 in the presence of a strong base and 
a mutual organic solvent. . ; } 

5. A process of Claim 1 for preparing a compound of formula I wherein R 1 is -COOH comprising 
deblocking a compound of formula IV by acidic or basic hydrolysis at from about 50 C. to about 150 C. 

6. A process of Claim t for preparing a pharmaceutical^ acceptable salt of formulaU comprising 
reacting a compound of formula I with an acidic or basic salt-forming reagent in solution injan organic or 
aqueous solvent, i " ; j 

7. A process for preparing a pharmaceutical formulation comprising admixing a Compound of formula 1, 
or a pharmaceutical^ acceptable salt thereof, as defined in any one of Claims 1 to 6 with one orjmore 
pharmaceutical^ acceptable carriers or diluents therefor. 
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